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OPERATOR-INTERACTIVE SIGNATURE FORMATION FOR ACOUSTIC
UMDERSEA SURVEILLANCE SYSTEMS
[Unclassified Title]

(C) ABSTRACT

" | This report describes an exploratory development for systematic
organization of acoustic signals detected by multi-beam Undersea
Surveillance Systems into the acoustic signature of ships.; The
function described is a subset of an NRL concept for an integrated,
multi-platform, undersea surveillance system known as ASP - the
Advanced Surveillance Processor, “The conceptpid“termed *operator-
interactive signature formation", and combines the observational
power of a human operator with the storage and computational power
of the computer. The interaction consists of a human operator
proposing candidate hguu_nic series by indicating one or more
harmonics of that series)dy means of a cursor or hand-held pointer /
on an acoustic display on; the face of a cathode ray tubeJ”K%§
detection and parameter estimation are accomplished by existing
algorithms prior to display.) Subjective interpretations by the
operator are not permitted. Ambiguities in the signature formation
process are resolved by executio® ef£>appropriate signal processing

——

algorithms. Organization of the detected signals is a four-stage > beur. . wii. -
process beginning with identification ofunon-ship interfering : ‘dvﬁiuffwy
signals, procee ‘through harmonic set formation to combination

of harmonic sets into signatures, and finally to highly automated
%steady state® maintenance.4 The project is currently at the point
where signature formation iogic has been developed to the third
level of complexity, approximately 70 application programs have
been identified and initially specified, and display programming
for a particular (dark-trace, storage) display has been completed.

(C) BACKGROUND

This development emerged from a FY'75 study of technology gaps
in the area of line relate and clue extraction for the 1980's
Undergea Surveillance System, and was sponsored by the Naval
Electronic Systems Command (Code 320). The results of the study
indicated that major deficiencies exist in our knowledge of
target acoustic characteristics, in the methods and procedures used
in organizing and interpreting detected signals, in the applicability
of varj vus exploratory developments in signal processing, and in
the type and quantity of display systems required for effective
ocean surveillance. The conclusion of the study, the details of

Note: Manuscript submitted September 27, 1977,
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which are contained in reference (1), was that the principal
obstacle in the path of automating undersea surveillance was the
problem of organizing the detected signals into meaningful
groupings prior to classification., A three phase development
was planned. Phase 1, Concept Definition and Logic Development,
is documented by this report, Phase 2, implementation, involves
agssembling the required hardware/software and coding the
application programs. Phase 3, Testing and Evaluation, involves
exercising the system with non-inbred acoustic data.

(C) INTRODUCTION

(C) A study of the state-of-the-art of acoustic signature
formation in multi-beam undersea surveillance systems, conducted
in FY'75, revealed several serious technology gaps.

1. As a practical matter, it is seldom, if evr:, possible
to distinguish, on the basis of acoustics alone,
between 'threat'" and "threat like" detections in
general surveillance.

2. Although ambiguities in the signature formation
process were known to occur frequently, the acoustic
information necessary to resolve these ambiguities
was not known,

3. The sequence of procedures in signature formation, even
for manual systems, was incomplete and inadequate.

4, Existing man-display interfaces were inadequate and
resulted in incomplete and erroneous data being
extracted from the display.

5. Measures of operator performance and decision criteria
were largely undefined., Critical decisions were
frequently made on the basis of operator "experience'"
or "intuition",

S Y TR )

(C) The study congidered in detail the four generic
approaches to signature formation, namely: manual,
totally automatic, threat filtering, and operator-

2 CONFIDENTIAL

ik i




CONFIDENTIAL

machine in combination. The manual, totally automatic,
and threat filtering approaches were rejected for the
following reasons:

Manual - the complexity of the problem is such that the
human's solution is necessarily incomplete.
Critical decisions are made on the basis of sub-
jective or intuitive judgments,

Totally Automatic - This approach has consistently resulted
in generation of fictitious signatures from
fragments of real signatures, and in dismissal
of real signatures through false association

g with other signatures.

tion technique but merely a discrete frequency

f detection technique. It was considered as an
alternative to the other approaches. 1In practice,
threat filtering results in high false alarm and
false dismissal rates, since the acoustic
characteristics stated for the threat are not
unique to that class, and measures of dispersi =
are not known.

g Threat Filtering - This approach is not a signature forma- . i

A more complete discussion of these techniques and their per-—
formance is given in reference (2). !

(C) 1f undersea surveillance systems are to perform in the
general surveillance mode, it is necessary to reduce the false
threat declaration rate drastically, while retaining a false
dismissal rate near zero. The study concluded this could be done
if the problem is addressed systematically and objectively.

(C) The approach selected as having the best chance of succecs f
was a man-machire combination known as "Operator-Interactive !
Sector Scan'. In this approach, the observational and pattern
recognition powers of the human operator are utilized early in
the signature formation process, not, as in past efforts, where
his role was to correct the many errors made by the computer.
The man suggests a candidate solution by interaction with the
displayed acoustic spectrum. The computer verifies and expands
the solution where appropriate, rejects it as incorrect, or in
the case of ambiguity, executes the pertinent ambiguity-
resolving signal processing algorithm. Subjective interpreta-
tions by the man, such as source evaluations, are not permitted.

e et e ki st
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Ambiguities, unresolvable by algorithm, are displayed for human
interpretation only when the interaction required of the
operator can be predefined.

(C) The signature formation process (Fig. 1) proceeds through
four stages. First, non-ship "clutter" -~ station artifacts,
projectors, "commas", etc., are identified. Next, candidate
independent harmonic series on a particular beam are indicated
by the operator. The algorithm makes the required calculations
and verifies and expands the solution. The third stage attempts
to associate independent harmonic sets to form ships' signatures.
Finally, when "steady-state'" is reached, the solution is main-
tained with a high degree of automation, operator interaction
being required only when a significant change occurs which
presents an ambiguity unresolvable by the steady state
algorithm.

(C) The "Sector Scan'" above refers to the concept for imple-
mentation wherein each operator at an upgraded SOSUS NAVFAC
monitors a particular azimuthal sector. Since most beams

at most NAVFACS seldom, if ever, hold contact un a genuine
threat target, expanded spatial searchlighting is a legitimate
technique which permits the number of displays necessary to

be monitored simultaneously to be minimized. (Ref. 3).

(C) System Overview

(U) The equipment configuration for the experiment shown in
Fig. 2 represents a mix of individual elements adequate for the
experiment, but chosen mainly because of no-cost availability
or minimum cost to acquire. Particularly in the display area,
a refresh CRT with track ball controlled cursors would have
been preferrable to the DICOMED-SAC (dark trace storage CRI

and sonic pen) arrangement. A detailed discussion of DICOMED
programming is given in Appendix A. A discussion of an
optimum display is given in Appendix B.

(U) Top level signature formation logic is given in Fig. 3.
The following illustrates the procedures used.

(C) The operator is required to monitor continually the SOSUS
baseband (10-150 hz) in his assigned sector. For purposes of

the experiment, the sector is defined as seven, fixed, contiguous
becems. The real-world test data consists of seven magnetic tape
recorded channels of 4 to 6 hours duration spectrum analyzed

data at baseband (0.1 hz), vernier (.03 hz), and supervernier

4 CONFIDENTIAL
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(.010 hz) resolutions with accompanying parameter estimation.

(C) ‘The sequence begins with a forty minute duration broadband
display (150 hz) of the left-most beam, i.e., channel 1 of the
magnetic tape recording. The operator attempts to recognize
rather well known non-ship interference in one or more of three
general classes - station equipment artifacts, man-made ocean
noise, or sea noise. The suspected presence of any of these is
indicated by pointing to one or more components with the inter-
active device, in this case a sonic-pen. A non-ship clutter
recognition algorithm, if it confirms the operator's judgment,
seeks to identify the interfering signals on the other seven

beams as well. (Non-ship clutter is frequently visible on many
beams simultaneously). A feature of this stage is that the
operator, disagreeing with the algorithm can call for higher
resolution displays, and as a result, present additional informa-
tion to the algorithm. He cannot, however, override the
algorithm's classification and force a classification of "clutter".
If the algorithm does not call a signal "clutter", it is carried ;
as a ship's signature. The concept here is that this type of
interference is so well defined that algorithm performance is
expected to be at least as good as the best human. Since it is
possible that more than one type of clutter exists on this beam,
the operator remains in stage one until he indicates interactively
he 1is ready to proceed to beam two and ultimately, to stage two.
All signals identified as non-ship clutter are tagged in the
parameter estimation tables for each resolution. ;

(C) Stage two, harmonic set formation, is the most difficult to
accomplish. The operator selects the most visually striking
signature on the display, usually one rich in harmonics and
signal-to-noise ratio. He indicates interactively some number
of harmonics of the series. For multiple line signatures, this
means a minimum of two adjacent harmonics. The algorithm
calculates a trial fundamental, finds other harmonics of the set
in the parameter estimation tables, and determines, on the basis
of harmonics present and strength of harmonics, if this or i
another beam is the main lobe detection. The results are :
presented to the operator for verification. He is permitted to
disagree on the basis of an observation of inconsistency in the
solution. For example, a minor dynamic, not resolved by ! ne
parameter estimation algorithm, may be clearly visible in some,
but not other, candidate harmonics. If the operator concurs, !
the parameter estimation table is tagged appropriately. Next, ;
a threat potential algorithm is executed. This is merely a
conservative "clearly non-threat" vs "possible threat' :

e Ta bt i ek
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distinguishing algorithm. An attempt is made to localize
"Possible threats" by both data processing (maneuvering board
solutions) and signal processing, principally inter-arrav
correlation, while "clearly non-threat" are data-processed

only from then on. (Note that in this experiment, since the
acoustic data base is analyzed data, any large signal processing
required is done remotely, at contractor's facilities or the
ARC, and not necessarily in real-time.)

(C) The operator then proceeds to the next most visually striking
signature and repeats the sequence exactly until every discrete
frequency in the parameter estimation table for this beam has been
accounted for as either a main-lobe or side-lobe detection. The

. control algorithm will not permit him to advance to the next beam
E until he has accounted for every discrete frequency in the veam
being analyzed. He continues from left to right until all
discrete frequencies on the seven beams for the forty minute {
] period are associated with one or another harmonic series.

(C) In the third stage, he attempts to group individual harmonic
sets into ships' signatures, Often this will be done on the basis
of observations of similarity of estimated position, direction of
movement, or rough bearing rate of change. This kind of informa-
tion is displayed to the operator for interpretation and trial
solution.

(C) Upon completion of the third stage, all signals present have,
theoretically, been associated correctly with individual ships
detected. A steady state algorithm monitors the static solutiom
for changes, particularly changes which affect the credibility

of the current solution. Changes are reported to the operator
for confirmation or appropriate action.

A st o

(C) Having reached steady state, the operator returns to
channel 1 to begin the sequence anew with display of the next H
time increment. However, his interaction is expected to be :
minimal since he is required to interact only to the extent that !
signals detected are not accounted for by the steady state i
algorithm.

(C) Signature Formation Logic

The paragraph numbers referenced below correspond to the
entries in the third level functional logic diagrams, Figs. &4 '
through 7.

6 CONFIDENTIAL
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1.0

1.1

2.0

3.0

Non-Ship Clutter (NSC) Removal (Fig. 4)

(C) The operator displays the broadband (10-150 Hz) lofargram
on tuie first beam, At this point he is attempting to recog-
nize interfering signals not generated by ships. The system
design philosophy is that these kinds of interfering signals,
station artifacts, man-made ocean noigse and sea noise are
visually recognizable to an operator, usually without even

the necessity of making a frequency measurement.

(C) Since many of these kinds of interfering signals appear
simultaneously on many or even all beams of an array, the
operator reinforces his classification by displaying all
seven beams simultaneously on the face of the CRT. The
display consists of 5 minute segments of each of the seven
beams in beam number order from top to bottom of the screen.
Start time for each segment is the time indicated inter-
actively by the operator,

(C) Since it may be desirable to display examples of a
particular type of non-ship clutter to allow the operator
to make a direct visual comparison between the present
interfering signature and a library of similar interfering
signals, a photographic information retrieval system was
incorporated as an option, In this system, the algorithm
not only identifies the type of non-ship clutter, but

also displays the address or storage location of examples
of that type. The actual display was intended as an "off-
line" function., Examples to be displayed were controlled
by the operator who decides whether or not to display a
particular image. The implementation contemplated was a
photographic information retrieval system, perhaps one
using microfiche image storage. It is essentially a memory
jogger which prompts the operator to the most likely source
of non-gship clutter.

(C) The operator indicates on the face of the broadband

CRT display, enough components of the candidate NSC so that
the algorithm can identify any others and confirm as non-
ship clutter. It was anticipated that some non-ship clutter,
particularly sea-noise, would require special interactive
techniques, for example, multiple indications in the time
domain in the case of the sea-noise phenomenon known as
"commas', to establish the periodicity of these signals for
consideration by the algorithm.

7 CONFIDENTIAL
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(C) The form of the interaction is that the operator
"points" at the signal or signals on the face of the CRT

by touching them with a "sonic pen', a device resembling a
ball-point pen which contains a spark gap in the tip across
which a hypersonic signal with an expremely short rise time
jumps when the tip is depressed on a surface. Two ortho-
gonally mounted pairs of linear microphones, each 14 inches
in length, receive the resultant spark. Internal circuitry
converts arrival time into X and Y coordinates in the

14" X 14" area to a resolution of as much as 4000 X 4000
points. Sonic pen interaction, thought of as simply an
extension of a man's pointing finger is expected to be a
natural and convenient method. Parallax problems resulting
from curved tube faces, or simply operator imaccuracy were
to be handled by the interactive control algorithm.
Technical details of the sonic pen are discussed in
Appendix A.

3.1/3.2/3.3/3.4(C)System design anticipates that the operator,
recognizing non-ship clutter is able to go one step
farther to the point that he is able to categorize it
tentatively as one of the three generic classes of non-
ship clutter. At this point, the operator is heavily
interactive with the system. He makes the selection of
most likely type of non-ship clutter, and on completion
of the algorithm's evaluation, gets the opportunity to
concur or not concur. Note that the operator's options
at this point are:

1. to accept the algorithm's judgment that the signal
is non-ship clutter and continue to the next non-
ship clutter signature, (which may be on another
beam), or, if there are no others, continue on
to harmonic set formation, or,

2. disagreeing with, or being unconvinced by, the
algorithm's decision that the signal is not a
recognized type of non-ship clutter, he can provide
additional signature clues, perhaps from higher
resolution displays, or, he can select a search
through one or both of the other generic non-ship
clutter paths.

The one thing he cannot do, however, is override the
algorithm and declare a signal to be non-ship clutter if

8 CONFIDENTIAL
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the algorithm decides otherwise. Such signals are carried
as if they are ship detections. The reasoning that went
into this design feature is that it is more desirable to
suffer a temporary (until the algorithm can be updated)
increase in false target loading than to permit subjective
interpretations (i.e., classifications) at this point to
cause false dismissal of a real target signature.

The principal types of non-ship clutter considered in
the initial design were those given in Chapter 3 of
reference 4.

4.0 (C) All identified non-ship clutter is tagged as accounted

; for in the parameter estimation table for each resolution,

[ and displayed multi-beam in the format of Section 1.1, above,
: with the exception that non-ship clutter signals are labeled
L with a cross stroke on the display. This sequence continues
' if the operator wishes to test for the presence of other
non-ship clutter.

5.0 (C) A high-risk effort designed to eliminate identified non-
ship clutter from the display was to be undertaken on a
not-to-interfere basis. The intent was to change all
intensity words in the time-frequency rectangle enclosing
the non-ship clutter to zero intensity, and then substitute
pseudo-random noise in that interval. Some of our prior
experience in this area indicates that this technique
sometimes leads to a more confusing display.

(C) Harmonic Set Formation (Fig. 5)

1.0 (C) Having identified all known non-ship clutter on all
beams, the operator next tries to form independent harmonic
sets from the remaining discrete frequencies. The approach
is to use the pattern recognition powers of the human to
reduce the complexity of the organizational problem by
attempting to organize the most visually evident harmonic
set first, then continue to the next most visually evident,
and so forth, until all discrete frequencies are accounted
for.

(C) The technique employed is to have the operator point at
the minimum number of components necessary to determine

the fundamental, normally two adjacent harmonics, although

he can indicate more, or less, in the case of a single-line
signature. The algorithm makes a frequency determination

CONFIDENTTAL 3
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for each operator indication.

2.0 (C) The frequency obtained is the value in the parameter
estimation table, not the exact value that would be calcu-
lated from the position of the interactive device. 1In
cases where the operator indication is not on a displayed
frequency, whether through parallax or hasty or inattentive
action, the algorithm selects the nearest frequency in the

k table. In this case, as in the case of an indication which

4 might refer equally well to two frequencies, e.g., one ’

equidistant betwzen two signals, the algorithm's results

are displayed to the operator for concurrence. Whenever an

uncertainty arises at this stage, the operator can cause

displays at vernier and super~vernier resolution to permit

observation >f minor dynamics or closely spaced signals.

A multiple band display permits side by side (time-

synchronized) high resolution display of several narrow

bands simultaneously. Since the accuracy of the frequency

indication is that of the front end signal processor

the mean square error characteristic of that particular

system will be used initially in testing validity of

harmonic set formation.

2.1/2.2(UCalculation of the fundamental frequency is accomplished ;
by subtracting the lower of two frequency entries from the -
higher, or, if more than two are entered, the minimum
difference is calculated. We had given some thought to a
procedural requirement that the first two interactive
entries must represent the harmonic spacing, but concluded
that this was both undesirable and unnecessary. The ;
fewer constraints on ther operator's actions, the better. i

2.2 (C) The algorithm tests that all signals indicated are inte-
gral harmonics of the fundamental frequency. If any are not,
this information is displayed to the operator, and he is §
permitted to delete those in error for this particular i
harmonic set, or return to step 1.0 if the solution is §
grossly in error. The algorithm attempts to expand the :
solution by accessing the parameter estimation table for !
that beam and time interval in search of discrete frequencies
which, arithmetically at least, are part of the indicated
harmonic series. Candidate harmonics are indicated on the
acoustic display by means of a slash (\). Acceptance by the
operator results in tagging in the parameter estimation \
table and completion of the indiation on the acoustic display
by a superimposed reverse slash (/) ~ i.e., combination

H e e
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/ +\ = X. The operator is permitted to reject candidate
harmonics, in which event the parameter estimation table
entry is available for consideration as part of another
harmonic set.

2.3 (C) Candidate harmonic sets detected on one beam will
frequently be detected on other beams as well. The
algorithm, making use of the harmonics identified thus far, ]
attempts to find other beams with more harmonics or the
same harmonics with greater relative signal-to-noise values.
Algorithm identification of a different beam as best beam
satisfies the requirement for accounting for each discrete . ,
frequency on one beam before moving on to the next beam. : ]
An algorithm decision that this harmonic set is actually on w
another beam results in a multi-beam lofar display permitting
the operator to concur or not concur and to accomodate
situations where the pattern recognition capability of
the operator can be employed to resolve ambiguities not

- clearly resolved by the algorithm - e.g., the case where

3 interfering signals temporarily mask the signature on the

o beam being examined.

S

3 mpw Ty e

3.0 (C) When it has been determined that this is the best beam
for this harmonic set, the baseband lofargram is displayed
with all harmonics identified by the man-machine combination
labeled.

3.1 (U) The operator has the opportunity to correct or expand the
solution, i.e., on the basis of observation of the display
either to delete additional harmonics supplied by the
algorithm or to add additional harmonics not supplied by the
algorithm. (An example of the latter might be discontinuous
signals.)

3.2 (U) The operator is required to concur in the solution
at this point. If he made a correction or expansion, the
change must be verified correct by the algorithm.

AN 1 AR s o

3.3 (C) The pivotal decision point in the signature formation
process is the point at which the operator decides that he
is, or is not, satisfied with the solution thus far -~ a
solution based largely on measured frequency, observed
dynamics, and rough bearing compatibility. In the event
an ambiguity or uncertainty arises, he goes to that part
of the harmonic series formation sequence that involves
the greatest amount of operator interaction and the execution i

e e i P
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of special purpose signal processing algorithms. The percen-
tage of time that the use of signal processing algorithms for
ambiguity resolution will be required is not known. However,
it seems likely that most harmonic set formation can be done
by frequency-based operator interactive techniques alone,
particularly in the case of harmonic-rich signatures which
comprise the largest part of the interfering clutter.

3.3.1 (C)(Figure 5B) The opera.or selects that ambiguity resolution
path which addresses the specific uncertainty encountered.
We anticipate that the most important of these will be in the

. areas of bearing and minor dynamics, although five other
: characterietics (amplitude, phase, harmonic emphasis,
: bandwidth, and stability consistency) will be considered.
; No signal processing development is being done as part of this
' experiment. The signal processing algorithms shown in Fiy. 5C
have been developed by Navy Laboratories or contractors, and are ;
to be available for execution either at the ARPA Research Center ﬂ
or other remote facilities. It is not necessary that they be 3
executed on demand by computer to computer link. Ambiguity
: resolution by signal processing involves a two-step decision
' process. The operator first selects one of seven character-
istics he wishes to consider. Next, he chooses, consecutively,
those signal processing algorithms capable of resolving that
particular ambiguity. (In this experimental approach, the
intent is to exercise all available algorithms capable of
resolving each ambiguity and so evaluate the potential of each.)
The objective is to identify the minimum signal processing
package required to provide an acceptable confidence level for
association of detected signals. In the current experiment, 4
since the signal processing algorithms are, in fact, explora-
tory developments, whose operational deployment potential is
unknown, operator concurrence with the result of a particular
algorithm is required.

i

Lo st

3.3.1.1(CBearing sorting is highly significant in harmonic set 3
formation - if the candidate components have different bearings 1
they are clearly not from the same noise source. The results
of execution of the bearing determination algorithms are
displayed for operator concurreice. The exact value of the
confidence factor assigned is determined by the design of the
particular algorithm, within its range of effective operation,
until and unless empirical evidence indicates otherwise. In
the case where bearings are clearly not compatible, those
components cannot be formed into either the sawe harmonic set

or the same ship's signature.
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3.3.1.20 Resolution of time-dynamic ambiguity is the next most
important consideration. A clear mismatch on dynamics
prevents inclusion of the candidate components in the same
harmonic set, but does not necessarily preclude their
being linked in the same ship's signature.

I 2. e e e e

E 3.3.1.3C)Although the characteristics tested (amplitude, phase,

. 3.3.1.4 harmonic emphasis, stability and bandwidth) are thought .
3.3.1.5 to have less relative significance than the bearing and ‘
3.3.1.6 dynamics tests, each will be tested to try to establish ‘ :
3.3.1.7 a maximum confidence score. The technique is, in general,

the same as in 3.3.1.1 and 3.3.1.2 except that, since the
significance of these measurements is frequently uncertain, a
candidate component will not be rejected for either harmonic
set or ship signature compatibility on the basis of a "no
consistency" result. That is, the significance, if any, will
be determined experimentally.

Summarizing the effect of the seven tests:

a. bearing inconsistency prohibits both harmonic set and :
signature formation, }

b. dynamic inconsistency prohibits harmonic set but not
signature formation, and

¢. all other inconsistencies merely lower confidence in
harmonic set or signature formation but prohibit
neither.

When the operator has completed a test of all ambiguities,
or if no useful purpose would be served by addressing the
remaining characteristics, he gets a display with a statement
of the degree of confidence with which the candidates have
been associated.

3.5 (C) Bandwidth, stability, and harmonic emphasis are determined
: by accessing the parameter estimation table of the front-end
s signal processor (spectrum analyzer) utilized. The precise
B analysis system used is of no particular consequence -
several are suitable - provided only that analysis bandwidths
approximating SOSUS broadband, vernier, and super vernier are
available, and that signal characteristics are estimated and
available in tabular format.

EOTE PRI

S
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TR
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3.6 (C) This section represents the simplest kind of classification
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3.7

3.8

algorithm - {.e., "twenty-questions'" or serial logic.

In fact it gerves, not as a classification algorithm, but
as a "negative classifier", or filter for non-interest
signatures, Each decision diamond in the diagram
represents a comparison of the harmenic set present to
known limits in the operating characteristics of targets
of interest. The comparisons are objective, based only on
the frequency and harmonic emphasis characteristics of the
particular harmonic set. Subjective interpretations, for
example, estimates of the source, i.e., the rotating
machinery producing the signal, are not permitted.

(C) The significance of this test for threat potential
is that signals having any threat potential whatsoever
are localized, if possible, using both data and signal
processing algorithms, while those having no threat
potential are not localized, but merely have their best
beam identified.

(C) Harmonic sets meeting the minimum threat potential
requirements are to be localized, As a practical matter,
the infitial localization effort with no bearing hisgtory
available, and simultaneous multi-station contact unlikely,
will almost always result {n storing the best beam or
bearing only. If there is a bearing history, algorithms
utilizing bearings, times, and estimated speeds of advance
will be executed., If there is multi-gtation contact,
coherent signal processing algorithms will be executed for
simultaneous detections meeting the signal input requirements
for these algorithms, 1In all other cases, multi-station
localization data processing techn’ques will be used.
Depending on the success of the localization algorithms,
the formed sets have either an estimated position or

best beam/bearing stored in the threat accounting table.

(C) Upon completion of the localization attempts, the

system requires that all discrete frequencies in the parameter
estimation table of the beam being processed be accounted for
either on that beam or as side lobe detections from another
beam., Advancing to the next beam while one or more frequencies
are unaccounted for is not permitted. When all frequencies on
that beam are accounted for, the operator advances to the
next beam and continues to form harmonic sets, unless he

has processed the final beam in which event, he goes to the
next major phase - combining independent harmonic sets

into the gignatures of individual ships. Note that

the organizational concept employed is that all harmonic

14 CONFIDENTIAL
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gets are formed before the first ship's signature is formed.

(C) ship Signature Formation (Fig. 6)

4.0 (C) The objective of this function is to combine separate
harmonic series into the signature of a ship, wher’ those
series may be dependent, i.e., related by some fixed ratio,
or independent. In most cas2s, we anticipate that combina-
tion will be done on the basis of similarity of position
or tracking characteristics. In some number of cases, it
may be possible to combine harmonic sets on the basis of
measurable or observable acoustic similarities.

Three displays are used by the operator in varying combina-
tions and sequences to discover characteristics common to
two or more harmonic series. These displays are:

g
S WLWN -

harmonic series successfully or tentatively
localized. This display also plots harmoaic
set number vs range. f

a. Geographic - A plot of bearing vs range for ﬁ

b, Azimuth - a plot of bearings vs series held on
that bearing. A more detailed alpha-numeric
display accompanies this plot.

3

i .

[ . c¢. In/Out - a plot of detection intervals for the
£ strongest component for each series on a

! particular beam or bearing.

An example serves to illustrate a likely sequence. (Fig. 6B)

The operator calls for the azimuth display and notes
s ; that harmonic series labeled A, D, and F are on the same
3 , bearing. A and D, clearly non-threat signatures, have not
: ' been localized, but F, with some threat potential, has
been localized for 5, 10, and 15 knot speed estimates.
A display of detection intervals for A, D, and F reveals
that A and F have simila time histories. The operator
attempts to localize the non-threats A and D, using the
previously assumed speeds, - vs other appropriate speeds
1 i ) if the situation warrants. A is determined to have a
' position and general directior of novewent similar to F,
while D has little track correlation. The logical !
inference is that A and F combined are candidates for the : ;
ship's signature. The more consistencies, of course, the

e e 0 Lt T e i Ik ot it it o ol Sl Tt G
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4,
4

5
.6

4.7

4.8

4.9

5.0

greater the probability that thte inference is the correct
one.

(C) An attempt is made to confirm relationships suggested
by tracking and localization similarities uncovered in 4.1
through 4.4 through the use of signal processing rescurces.
Specifically, frequency trackers are assigned to the
strongest harmonic in each of the two series to try to
establish frequency excursion consistency, in terms of
direction of excursion, or, better, the existence of a
fixed frequency ratio between series. A second signal
processing approach seeks to establish constant phase
relationships between the two series.

(C) si.ce the reliability of conclusions based on minor
dynamics and phase signal processing is questionable,
the operator is given a multi-beam display of the candi-
date solution and is required to ccncur or not concur.
Until such time as the reliability of these signal
processing algorithms is certified, the operator's
concurrence is required before candidates for combina-
tion are accepted by the system as harmonic series from
the same ship.

(C) When two or more hsrmonic series are combined in a
ship's signature, the position assigned to that signature
is that which corresponds to the highest confidence
localization of .ny of the series.

(C) The negative classification algorithm applied in
the harmonic set formation phase is reapplied. Series
which alone have threat potential, when associated with
one or more clearly non-threat series, become clerrly
non~threat ship signatures. Depending on the threat
potential of the newly combined series, the signature
is stored in either the threat or non-threat file.

The significance of this is that when contact is lost
on signature components in the non-threat file, no
sigial procussing action is taken, while the same
condition {(i.e., lost cortact, not jusu loss of a
couponent) in the threat file results in automatic

high resolution signal processing in &n attempt to regain
contact.

(C) An alpha-numeric Aisplay of all current potential
threats is presented to the operator. Beiore entering

16 CONFIDENTIAL
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5.0

5.1

5.1.1

the Steady State phase, frequency and geographic trackers,
as available, are assigned by the operator to retain
contact and refine position and track estimates.

(C) The Steady State Solution

(V) This phase is characterized by a high degree of auto-
mation whose purpose is to maintain and refine the solution
developed during the operator-interactive phase with a
mininmum amount of recourse to the operator interactive
mode.

(C) The Steady State algorithm continually monitors for
changes in the Steady State Solution by comparing the most
recent formed signatures in the threat and non-threat
descriptor tables to the latest output of the front end
signal processor iun the parameter estimation table. The
changes fall into one of four general categories:

. loss in harmonic set member(s)

gain in harmonic set member(s)

change in signature characteristics

. change in target position, tracking, or maneuvers

an o .

Loss in Harmonic Set Member(s)

(C) Loss of one or more components of a non-threat
signature is a desirable event in that it reduces non-
threat interference. Loss of such components causes

the non—-threat descriptor table to be updated. Where
the loss reflects target movement, i.e., components lost
on one beam are now detected on another, a new "“"best-beam"
determination is made and the table so modified. Since
the ratio of well-defined, harmonic-rich "clearly non-
threat" signatures to "potential threats" is,
conservatively about 10 to 1 in the SOSUS and the ratio
to actual or "probable'" threats is much higher still,

it should be possible to account for losses in harmonic
sets almost totally automatically without recourse

to operator interaction except in rare cases.

Potential threat signatures are handled differently.
A loss of one or more harmonics of a potential threat
causes an immediate alpha-numeric display advisory to
the operator, stating not only the specifics of the
loss, but also the processing resources available to

17 CONFIDENTIAL
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: attempt regaining contact. The operator's action is
? not determined by algorithm. Loss of a single
component may have no special significance except in
the unusual case where that component is the only omne
held simultaneously by another array. An acoustic
display allows the operator to note visually the
difference in signature appearance before and after
the component loss.

(C) Where it is desirable to apply signal processing
resources for reacquisition, the operator specifies |
the type and number of channels to be used and the ]
reacquisition search plan.

———

. (C) A successful reacquisition, e.g., by a frequency
; tracker or high resolution analyzer, requires operator

concurrence and results in either an update of the ]
threat descriptor file for concurrence or return to

harmonic set formation for non-concurrence.

(C) The operator, as a result of an unsuccessful re- i
acquisition attempt, can direct the application of
other signal processing resources, or the continued
application of the previous ones for a fixed period
of time.

(C) Loss of components in a high potential signature
causes the operator to return to harmonic set

formation to maximize the probability of reacquisition.
It is likely, however, that in the case where the loss
of one or more components still leaves a well-defined
signature, the operator will opt to return to steady
state as in the case of a low threat potential signsture.

i el s

5.1.2 Gain in Harmonic Set Member(s) . ,

(C) New detections are compared to existing signatures
primarily on the basis of frequency and bearing informa-
tion. Successful matches result in both an alpha-numeric
advisory message, and an acoustic display indicating the i
harmonic(s) gained and the candidate solution, which i
requires operator concurrence. Detection of new, '
unrelated components results in immediate exit from
steady state to harmonic set formation. Past experience
indicates that most new detections are associated with
existing signatures,

[,
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5.1.3(C)Change in Signature Characteristics

(C) A change in signature characteristics noted by
comparing the values in the latest parameter estimation
table to the previous entries causes execution of the
negative classification algorithm. Examples of changes are:
a) a change in harmonic emphasis, b) a change in the ratio
of the fundamentals of two harmonic sets. These kinds of
changes have the effect of converting threats to non-
threats and vice versa, or of increasing or decreasing the
threat potential, of a possible threat. The operator's
concurrence is required to update the target status tables,
both threat and non-threat. In the case where the operator
disagrees with a non-threat to threat conversion, he is
required to examine an acoustic display, and is permitted
to call for execution of ambiguity-resolving signal
processing resources.

5.1.4(C) Changes in Target Localization, Tracking,Maneuvers

(C) Both threat and non-threat signatures are checked for
correctness of the original solution on a continuing basis.
Where the signature consists of more than one harmonic
series, both are checked for bearing consistency. For
threat signatures, changes in the predicted track solution
represent a change in the steady state. Abrupt loss of
one or more series or frequency shifts indicating
maneuvers, are recognized as significant changes. All
result in a display to the operator and a requirement for
an operator-interactive task - i.e., a decision as to
the effect of the change on the particular signature's
threat potential - and a modification, if appropriate,
of the threat or non-threat file.

(C) At the point where Steady State has been reached,
since change takes place slowly in fixed surveillance
systems, and most changes reflect detections or losses of
components of signatures currently heid, it should be
possible to maintain the Steady State Solution with a low
operator task rate, where the tasks, options, and action
required are objectively defined. A major purpose of this
experimental development is to determine empirically, using
real-world data, the operator task rate.
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(C) Fig. 3 - Operator interactive signature
formation overall logic

23

CONFIDENTIAL

A

A
4
d
¥

WD LAk e e e s

LA YL AN Lot

o kT

P T T PORTe N




|
CONFIDENTIAL
;
DSALY
{ BROADBAND
1 BEAM “N”
‘ :
1 O/ INDICATE
‘ NSC
3 CANDIDATE
ALGD
1 COMPARE
.L W/KNOWN
t 3 2
Nl aLGo
KNOWN 0/t PROVIDE ‘
NSC ADD'L INFO
' i
DSPLY :
LABELLED
3
1
H
s
(U) Fig. 4 - Non ship clutter removal 2nd level diagram {

24 CONFIDENTIAL




RIS AR g e

Ty s

CONFIDENTIAL

vt 1V
eV

IN0N
(¢ Y330 114
A0VI-NYR

5N AN
131543

JLVOIONYI ISN
JLVIIONI VO

L 14

T P

ct

25
(Page 26 Blank)




I1V0IONVI e
LvI1am Vo

[4 4

25
(Page 26 Blank)

CONFIDENTIAL

LA i Ko




CONFIDENTIAL

OPERATOR
MULTI BAND
HIGH RES, DISPLAY,

O/
ADDITIONAL
CANDIDATE
HARMONICS

ALQO VERIFY
CORRA./EXPAN.
ON FREQ. BASIS

@

CORRECTION/

ON CONCURRENCE
EXPANSION

OPERATOR
CONCUR

A4

AL
DETERMINE OTHER
HARMONICS o

>

A

ALGO DETERMINE
OTHER HARMONICS
& BEST BEAM

OPERATOR )
DISPLAY
W/ OPTIONS

RE-DESIGNATE
CANDIDATES FOR

HARMONIC SET

TAG CANDIDATE
SERIES IN OTHER
AM TABLE

OPER
SATISFIED ON
REQ BASIS

ALGO
PARAMETER
ESTIMATION

_ALGO LOCALIZE _
STORE DESCRIPTORS
IN THREAT TABLE

)

ADVANCE

TO0
NEXY BEAM

(U) Fig. 5 - Harmonic sct formation 2nd level diagram

27

(Page 28 Blank)




ALGO VERIFY
AGREE CORR./EXPAN.
N ON FREQ. BASIS

®

O/) CONCURMENCE
CORRECTION/
EXPANSION

OPERATOR

DISPLAY,

o
ADDITIONAL
CANDIDATE
HARMONICS

RE-DESIGNATE
CANDIDATES FOR
HARMONIC SEY

(U) Fig. 5

TAG CANDIDATE
SERIES INOTHER
BEAM TABLE

27
(Page 28 Blank)

e

OPER
SATISFIED ON N

REQ ?;/
A ]

0/t SEQUENCE
TO RESOLV

t
AUTO SEQUENCER | 2

\

; UNCERTAINTIES

TO RESOLVE
UNCERTAINTIES

ALGO
PARAMEYER
ESTIMATION

DISPLAY
FORMED HARMONIC
SERIES

THREAT

POTENTIAL

_ALGO LOCALIZE _
STORE DESCRIPTORS
IN THREAT YABLE

STORE OESCHIPTORS
IN BEAM N
NON-THREAT TABLE

L.
LL FRE
NTED FOR
- BEAM N

ADVANCE
70
NEXT BEAM

BEA

- Harmonic set formation 2nd level diagram

(=

CONFIDENTIAL

2,,




il

CONFIDENTIAL

O TP P Ry o

. v -3 S
[
N @
A Q
ob
(o " o
oLV -
7"~ oM
S
u
ST'S) 39S ] avaIee) "
wasmoives | "o ANGLEN S8 h
10 N1 A | o v
921 99w e .
ALV
e L
Al
E )
ct
[ »
IVL WIS AVISN ]
2] ] -ﬂ“ W Euuh-l _
SHes VL A A1 A ;
[ 2]
10 (1] :
Fo T
1% 90 1
TN SINLS
1130

"

MUW SN

._
uuu.l P—'i A m
0 SNV :l_ﬂ.:.. !.8!2 E-l! ...
LUvIIONYI 1,00V savsuIn A0 ST W A WM m
LY NOM V8 36000 WIS 30 _




L s caacd ) b Lo e T YT e T—r i o s e e

(1 @23ed) weaderp [945] paig uUoneULIO] 398 dSTuowirey - ¥¢ °*Stq (N)

CONFIDENTIAL

|
|
'
,7
,W

a sk

(Page 30 Blank)




AUTO SEQUENCE
(YO BE DEVELOPED
ENPIRICALLY)

OPER
SELECY
ALGO

i

Tt
PROCESSOR

ABF

oA
STEERED
SEAM

OTHER
SRE

DETER.
ALGOS

bsPt Y
RESULT

ABDTO
CONFID.
CTR

WANT

OTHER BRG

ALGO.

00 e bt

et o e a4 3tk S

4

b

i

i

J

i
e
——
H

"

i




e S e
r—*v - - T

: oS S SV

i

; mmm

' MAJOR

EXCURSIONS

OPER
sELECY
ALGO

| | | [ | } |

DATA OTHER
CADEC HALFAR ADAPT ™ m;nzs :ﬁ;'“
PROC ALGOS b

TIME
OYNAMICS
CoNSIST

ADD Y0
CONFID

(U) Fig. 5B - Harmonic set £1

% (Pagq

3
i
1

e et e eae e e LA RS A A in o



W A WL, TR R e e i

hr.-__wgﬂ-\ ronwe e e PRt oA “ B % #vie
11
-
PHASE
TIME
AL, CONSIST
consisy
—
b i~
OPER
orsR SELECT
SELECTY ALGOD

ALGO

S I R I N

| ¢ . OTHER
| HALFAR ¢
e ot Aoec HALFAR OTHER ADEC e
b
1
3
ADD TO CONFID

OPER CTA

OVERRIDE
!
| S

; - Harmonic set formation 3rd level diagram (page 2)
31 ;
(Page 32 Blank)

b1 a et byt s B AMAK. A Anin MRS ataba 4 10 s i il ‘ el it aoinabith




HARM

EMPHASIS
CONSIST

OPER
SELECY
ALGO

} i

TRACKING
CEPSTRUN AU

STAS
Consisy

- EXCURSIONS

.

DATA

ADAPT OTHER

PROC

OPER
SELECY
ALGO

EMPHASIS
CONSISTENT

ADD TO
CONFID

STAR
CONSIST

DATA
ADAPTIVE
PROC

W
CONSIST

ADDTO
CONF
COUNTER




- TR TR 7 y -y 9T T A
i " 3 b T T, AN Bl S I NESVE TR -
B i T AT R T S BT AAE T TT T AL G W s v s s pepie e o e e e -

w o mﬁﬁf"\‘}’”” W e .
- L . L b TR

STAB
CONSIST s w
CoNSIST
MINOR

s EXCURSIONS
OPER OPER OPtER
SELECY SELECTY SELECTY
ALGO ALGO ALGO

i } ] } } . } }

, _ DATA DATA
RAGEING OTHER noee ADAPT OTHER e ADAPTIVE OTHER
PROC PROC

/

MPHASIS STAB MM, (1]
ONSISTENT CONSIST ‘ CONSISY
Y
ADD TO ADDTO
CONF CONF
COUNTER

CONFIDENTIAL

i
/
;
]
9 P porr s




[
E4 -1
£ =
13 Z
i O
4 (&]
4
: LVIYHI-NON
1 JEVIHHL NI
” 3401S
1 09TV A
$SV19 5
IAILYOIN - i
3 31n33X3 B ,
, ° ,
Y )}
,. NOILISOd o
_ 39N3013N0D Q, \.
1SIHOIN =
NOISSY
__ A ]
a w
HAINGD )
N 4340 3
; SAIHSNOILY 134 ™ oo | 1
3 03INIWY3130 38 01
‘ 31V0IONY 30 10 38 01
{ NOILVJIONI 1/0 L __meoow :
, i
E 3
pua/sod |
: m A4S0 .,
=
Z :
; =
: a
3 . -l :
; B :
_, 2 ,ﬂ
0] ,
am .
e - e e




g e e L e e 3 kg mon T v N e :

m. N -
m weiderp [94A9] PUZ UOTIBULIOY sanyeudts dwys - g *31g (n) I
| <
w Y=
: =
=
w &
(e
Z
O
|®)
m £
-
i
I3
EYL) !
1V3IHHL-NON .
JLV3IUHL NI
3401S ‘
097V g |
'SSY1d 5 3
JAILYDIN 2
31133X3 .8
[ E
="}
NOILISOd o
3IN301INDD 5 :
1SIHIIH = “
NOISSY “
BNINDI m
4340 ,w
w SJIHSNOILV13H amz_.bmwﬁn_cmﬂ‘%...
“ e _ TR _.
: NOILYD}
: —I- ._.Ezoc..ucl_ :
2
i =
i A




A

I gt e

CONFIDENTIAL

3ivis
AOViLS

SUOSSII0NJ ININIVHL
JNdVH903I0 3
JULSNOIV HIISSY

IS
1VIUHL
NON W
34018

$1ViyKl
1M344nd
AlS0
Ny

34
1v3uml
N1 J401S

$191 WY
091 SSv1)
DIN A VMY

[ 1)

NO1LINNS u..-<..-.
13534 .
SUINNIN IV OL
‘0803 J0 HIRWIN ANY
40°307 3IN30iIN0D
1SIHOIH NIISSY
"
oy
¥340 01
AHOSIAQY
AWSO
Jit}e
™1 ouw
183
1) SIUNYNAC
L
)
iv3Iung
NON 1217v301
3711v301
/7" wanea
1LYNIEINO
: u..o#«e_.._uum GINIWH3 130 \
i 38 01) )
ETCAT e
- v/
AMSa v
ino/m ANMSO
¥ v
wHos .
ans )Y

35
(Page 36 Blank)

e i

POTRE SR




()

MNdvyI03I9 8
ALLNOIV NOISSY

SYOSSII0US ININIVEL

INg
1v3uuL
NON ™
3018

IN4
1vIuHL
L)

NOILINNS udﬁ(lh-

13534 3

T

SUIANIN TV OL
‘088032 10 ¥IBWIN ANY
40301 3INI015400
LSIHIIN NIISSY

| R

”°

1531
o1y

L1

1531
SAUNWYNAG
ELLU

[ 4/

SNOLLYNISWOD

| 321VIN
3Z17v307

77 wodema

31VGIONYD — 03NINYI130

31¥1a81
1o

CONFIDENTIAL

35
(Page 36 Blank)

o




e AR

ot 3 o e E Y

; CONFIDENTIAL

¥

; E
;’; I D

S SET NO.

9 ?~ D
SET NO. 1 3
A : ]
; ¥
J 1 2 2 [ a__ _a __a
TIME
F k:
D {
SET NO, :
i ‘.
A :_
. 1 4 Iy 2 . e d & :
; RANGE ‘~
(U) Fig. 6B - Display formats
;‘
;

P 37 CONFIDENTIAL

b ey e L e




CONFIDENTIAL
| I
ALGO MAINTAIN
REFINE, MONITOR ]
FOR CHANGE 3
INSS 3
NEW DETECTION
i HOT RELATED s
i TOSOL'NON
3 FREQ. BASIS
D- l
4 SS PROCESS
3 CONTAOL
3
: w ‘ e w0
CHANGE IN CHANGES N
HARM SET EXISTING TARGETY
MEMBER(S) SIGNATURE LOCALIZATION
CHAR.

e i,

] NON THREATS
sTILL

NON NON-
THREATS L AR :
ASSESSMEN TRACK :
FILE ;

CONCUR \

ALGO
REACQUISI
TION
ATTEMPY

0/ $EQ
TO DETER
THAEAT ORDEN TGT
ASSESSMENT PRIORITY

e hm L At e Rt per Ui o

, &
® © 0 ;
(U) Fig. 7 - Steady state solution 2nd level diagram

38 CONFIDENTIAL




L M s

CONFIDENTIAL

REFINE
MAINTAIN
SOLUTION

Sothroms
ro&cumcu
0LUTION

R TR P S EME rORe ot MR TH R R B x L A A R T TP

s

SET GAIN
W SIGNATURE
FLAG

Loss
1N EXISTING
SIGNATURE

SET LOSS
IN THREAT
OR NON-THREAT

OFERATUR
ACOUSTIC
OISPLAY
CONTROL

ALPHA -
Acousvic > SUMMARY

A2
OR GED

J

SET CHANGE
IN THREAT
CHAR

J

P
SET CHANGE
IN THREAT
CHAR

J

CHANGE

CATEGORIZE
CHANGE &
SET FLAGS

CONTAOL

PROCESS SELECTOR

1
4

S T

i aliachats audlRial '.:'L..uaﬂ



PRSI FR IR WA 7 i 7 5 v b Rkl TR N LA g e pee

SRR L S R TSP TN RN R VAR A <L LT

UPDATE NON-

THREAT
DESCRIPTOR
TABLE

DISPLAY
ADVISORY
W/OPTIONS

—‘.
f ACOUSTIC AZ/GEO "ncuu:o"
V DISPLAY DISPLAY | seauence To ' ]
" | REAcCouRE
E‘ L -— ﬁ— - ad k-
"* |
SPECIALIZED |
- DETECTION/ ] |
4 ACQUISITION ;
i ALGOS l
ALBO VERIFY N
REACQ.
Lf ]
| i
DISPLAY
aNMARY %’.’.'-'.215 6T ' i
RESULTS DESCRIPTONS J}
. UPDATE THREAT i
OR NON THREAT i
TABLES,
REINITIALIZE
e, ALGO'S :
REQ. ADD'L |

ALGOS

DESCRIPTORS, ;
REINITIALIZE _-
ALGOS :

®

(U) Fig. 7A - Steady state solution 3rd

39
(Page 40 Blank)

AL Dt Hon ik Pty




Lt s s e i LTI TN

GAIN IN HARM. SET MEMBER(S)

R AL L TG RN

oLy
ADVISORY
W/OPTIONS

HITIALI2E
SOLYTION
W/NEW DET.

1
|

on se0 PACKAGED
TO VERIFY SEQUENCE |
70 VERIFY
— ] -
TE THREAT
THREAT SELONG
: — T0
AuIZE
3
\
s

tsolution 3rd level diagram
9
Blank)

D

[SURSPR WNDEISONL SRV RN

[OOSR A VSVI.  VEFURRI FEC S YRS S

Syt

CHANGE IN EXISTING SIGNATURE CH

APPLY NEGATIVE 5
CLASS & DETEAMINE ]
WHETNER CHANGE ,
4 THREAT POT. ]

r — e e e e —— s e .
{ DA SELECT 3
| CANDIDATE
I ALGOTO
: EXAMINE 1
J- - el .A
TPACKAGED” ) k
ousnc: | {
0 Examine |
nmmm l
ug- -d
' DISPLAY |
1 SUMMARY 5
: RESULTS |
| '
| .
: OPER Y :
OTHER PROC. sl
: ALGOS :
|

r
I
I
|
I
|
|
|
|
)

OATE NON- |
THREAT OR
THREAT DESC.
REINITIALIZE
ALGO




J———

NGE IN EXISTING SIGNATURE CHARACTERISTICS CHANGES IN

TARGET LOCALIZATION,
TRACKING, MAN EUVERS

APPLY NEGATIVE

CLASS & DETERMINE

WHETHER CHANGE

N THREAT POT. COMPARE WITH KNOWN
TRACK MISTORY OR
APRIOR ALERT INFO

UPDATE NON-
==1 THREATY s
DESCRIPTORS

1y
THREAT OR
THREAT DESC.
REINITIALIZE
ALGO

DISPLAY
ADVISORY TO

OA SELECT

CANDIDATE
ALGO TO
EXAMINE MODIFY
RAKK ORDER
PRIQRITY
QUELE AS
ACOUSTIC APPROPRIATE

DISPLAY

DISPLAY
SUMMARY
RESULTS

5

OPER
OTHER PROC.

P
UPDATE NON-

THREAT OR

THREAT DESC. d
REINITIALIZE

ALGOS

CONFIDENTIAL

f

T e

e B S a0 L S




UNCLASSIFIED E

Co Appendix A

Display System and Interactive Davice

Funding constraints made it necessary to plan to conduct the ;
experiment using an on-board display and interactive device. :

The display is a DICOMED Corporation Model 36 storage display. The
genaral characteristics are as follows:

a. dark-trace storage type with 10" usable diamater,

b. up to 1600 resolvable points per horizontal trace,

¢c. 16 displayable intensity levels,

d. full screen image generation in a minimum of 43 seconds, and
e, full screen erase time of 10 seconds.

The interactive device is a 3cience Accessories Corporation Graf

Pen Model GP-2 sonic digitizer. The GP-2 measures the time required

for a sound wave to reach each of two orthogonally-mounted linear

microphones located on two sides of the DICOMED. The sound source is a

spark, generated by closing the gap in the tip of a device resembling

a ball point pen by depressing tha tip on the face of the screen. Each
{ time the spark jumps the gap, a hypersonic sound wave with a short rise
E ‘ time is generated. The elapsed time between spark generation and
reception at each of the two microphones is a unique measure of the
position of the pen relative to some fixed refarence, for example fo’
t_ on a lofargram, that is, a highly resolved frequency and time
coordinate.

"

The sensor length of the GP-2 is 14 inches, exceeding the usable
portion of the DICOMED screen. The resolution over this length is either
2000 or 4000 resolutions depending on whether 1l or 12 bit data words
are used, permitting resolution of a displayed lofargram to at least
0.1 hz,

e i, aelFi

Although the DICOMED-GRAF Pen combination was adequate to permit
the experiment to be pursued, there were several shortcomings, ;
principally in the area of support software. ;

A rente i

e

For the DICOMED: ) j
a

a, No software, at any level, exists to support image generation,
Each instruction and data point must be in machine language.
All communications protocol between the display and the computer
are the programmer's responsibility,

it e R

b. Display graphics, including alphanumeric characters, must be
written in machine language. : 3
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¢, No operator interactive hardware or software was available,
Common interactive devices like cursors or light pens are not
suitable for use with dark trace storage displays.

d, It is the nature of storage displays that modifications to
already displayed data are limited. Deletion of previously
displayed data requires total erasure of the screen and re-
generation of the modified image,

For the GRAF-Pen:

a, A driver to permit GRAF-Pen input-output to the HP-2100A
did not exist,

b, The GRAF-Pen was not compatible with the HP-12566B standard
interface, (This was resolved by designing and fabricating
a second interface between the GRAF-Pen and the computer
interface.)

Experimental Display Program:

In order to test the display system, a stand-alone, core resident
program was developed to simulate display of real acoustic data, A
self-contained subroutine generated pseudo-random background noise for
display. Discrete frequency components were entered by the operator on
the TTY, Data entry was limited to two multiple-harmonic series, and
one unrelated single discrete frequency. Relative amplitude, bandwidth,
start and gtop times could be specified by the operator.

The image produced was judged of adequate quelity and resolution,
with the possible exception that the phosphor was of magenta hue, so
that amplitude differences were represented visually by shades of
purple, rather than gray to black., The problem seems to be in the
novelty of the display compared to a paper writer rather than a
quantitative difference in visual detection capability.

Display Program:

The following source listing (Fig. 1) permits operator generation
of simulated lofar displays and the DICOMED., The program was designed
by J. R. Bouffler, Admiralty Research Laboratory, a British exchange
sclentist working at NRL during part of this development. The display
portion of the program is usable in its entirety. The acoustic data
input necessarily needs to be rewritten for use with other than
simulated data.
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BILLJI T-PRAO3 1S ON CRAAAGZ USING APE24 BLKS R=0002
~ % 8A1  ASME.A.L

ARz x
A0A3 kA IANT SIS
5 [R[S
BeRs %k

006 *DEMONSTRATION PROGRAM
; 0987  *FARAMETERS ENTERED FROM TTY.
. 0eas  *TLD HARMAONIC FAMILIES.

BaE9  KkALTERMATING LINE.

2018  ASTRBLE LINE,

Ba11  ENITING,

PR12 %
o013 ORG 20008
. 0014 UNL
\ BR1S  STRT NOP
i B018 CLA
L aaL? TR GONT
3 a1 IMP PARLL T
' 2019 HLT &R WAIT
Pa2B  STA JSB ERA GO TO ERASE SUB
8021 IMP NEXTD, 1
Pa22 STE  JSB OVT
0023 LDB GUNT
0824 INB
3 Bazs STB GONT ‘ ;
9026 NOP ; :
4 ek IMPINI : !
BOZ8 STE ISR OVT :
8029 CLE \
ks LDE GCNT
8031 NOP
Bea32 JMPINT2
B033  STD JSB PHWR.I
B34 LDA U FETCH WIGL WORD
D035 ADA HIT
2038 STR HIM
BAZ7? LDA W
0Oz8 ADIN H2T ‘
B033 STh HaM 5
2048 LDA W i
pad1 ADA H3T |
BR42 STA H3M i
D043 LDA H4T :
2944 ADA L2 3 i
i 0a4s STA HaM : !
v 0046 LDA W3 FETCH WIGL MODR. £
aa47 ADA HST MOD. L INE N
20483 STA HEM i :
: PR49 LDA U3 L
i s ADA HET i
: 051 STA HEM g
¢ RAS2 LDA U3 % §
{ Figure 1 P
3 A3 UNCLASSIFIED § ;
g




e e e e

UNCLASSIFIED

PBS3 ADA HPT
pAS4 STA H7M
) PnSS LDA AMP4
' peSH 52A ALT. LINE 7
ans? Jse aLT YES-GD TO SUR
AE5S LDA AMFS NO-
puS9 5ZA SIMGLE LINE 7
BRED JSB S YES-GO TO SUB
AeE6 1 JSB KZ NO-GO TO KNEE ROUTINE
9062 J3B FS GO TO FADE IN LIME SUB
@063 NDISE  JSB PHN2. I
Ba64 LDB HC FETCH CELL COUNT
BRES CPB HLIM IS THERE A FUMDL.LINE?
POGE IMP k+16
BRE7 CPB H2M
LY JMP s+16
; ANEY CPB H3M
] Be7 e IMP #4165
pav 1 CPB H4M
¢ aay2 JMP %16
: 873 CPB HSM
: Bav4 JMP kLR
! Be7s CPB HEM
: ea76 JMP *+16
' ]2 Yalrd CRB H7M
‘ ap7a IMP %+16
' aara CRB HBT
: ARSA IMP *+16
\ are JMP THRS 1
i ooE2 ADA AMP 1 ADD SIGHAL TO NOISE 5
. aea3 JIMP k+14 ]
: a4 ADA AMPZ i
4 oS IMP k12 :
3 aAgaE ADA AMP3 :
pasy JHE #+1m :
POES AR AMP4
aas9 JMP sk 3
8090 ADA AMPSM :
AES 1 JMP g 3
a2 ADA AMPEM
pa23 JHP k4
094 ADA AMPPM
L IMP k2 i
A6 ADA AMPEM
T RRR 4 BRING STH BIT TO END FOR TEST
AEas SLA IS AMPLITUDE > MAX?
AEg9a IMP ke
P1E8 RRL 4 MO ~RETURM TO STATUS QUO .
a1my AND MAYX MASK §
p1e2 JHP THRS :
B1a3 LDA A REFLACE S4M EITH MAM. .
184 THRS LDE THR :
B1as PR IO IS THRESHOLD'ING RENUIRED? :
166 IR TN i
Figure 1 (Continued)

Ad UNCLASSIFIED *'




r’wwﬂwww"»" B
R L L

UNCLASSIFIED

R e ]

et e A AR S AT

: glav JSE T YES-GO TO THRLSH. ROUTINE
; a1ag  INT  JSBE OUT 0-F DOT INTEMZTTY

AR @1@3 52 HC ? REACHED END OF LINE ;
S 8118 JMP NDISE NO-GO DO MORE CELLS ;
C a111 LLDA EDLX YEW-FETCH EOL CODE .
L B112 158 ouT :
P 8113 LDA HCH FETCH MAX CELLCOUNT ;
o B114 5TA HC RESET CELL COUNTER .
S 0115 152 YC1 INCR. LINE COUNTER

;o 8116 IMP w42

( 8117 JMP FIND. I
;o 9118 152 vC 7 RERCHED END 0OF FRAME
3 o A119 JMP STD
: Bizg LDA GCNT
: ; a1zl S7A
n122 JHP et
8123 ADA Dt
o 8124 STR GCNT
- 8125 JMP FIND. I
1 0126 CLA
8127 STA GCHT
@128 JMP FIND. I
g1z JMP FIND. I
1380 OUT  NOP
8131 AND MASK
8132 AR REQ :
A1z OVR 16E.C ‘ 5

B134 SFS 16B g
B135 JMP k-1 :

Al3& CLA

@137 OTH 16E.C

A13g IMP QOUT. I

9129 =

a14a SPC 5

@141 *DiSPLAY IMITIALIZATION ROUTIME

Bl42 %

8143 ERfM MOP

a144 CLA

@145 OTA 16B.C

146 STC 1EE.C

9147 LDA IM

Hi48 JSB ouUT

f14a LDa ERS FETCH ERASE CODE

B15a JUB OUT

151 JME ERAL 1

Bl1s2  *

152 INI  HOF

9154 CLA '
alss 5TA rT1
a1ss STR CT2 :
8157 5TE HLM SET LIMES TO ZERO : i
alse STRH2MH : ;
a159 5TA H3M : kR
B1an STA HAM ; 1

e e AL i e e . e s, s DG, a7

FTREVTIRTN

Figure 1 (Continued) §
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] D161 STA HSM

1 Bi62 5TA HEM

i D163 5TA MHBM

. B164 STA HPM
B1ES STA HEM
B1E6 LDA ASD

: ey 5Ta TEMP1

1 3168 LDA AK

2 @169 STA TEMP

4 8178 LDA Ditim

' 8171 STH FM
a172 JeB PNSTD. I
173 LDA VTR

g o174 S7TA VC

3 @175 JMP a2

; @176 INI2 MOP
0177 LDA IN
@178 JSE QUT
8179 LDA RPY FETCH RAMDOM FOSITION CODE
B1e9 JSB OUT
B181 LDE Tl
p1a2 Je ouT
0183 LDA vCIZ
@184 JSE QUT
ples LDA RPH FETCH RANDOM POSITION CODE(HORIZ.)
B1as Js3B QUT
B1a7 LDA HCI1 1
a1s JSB OUT ;
f1E9 LDA HCIZ :
B19@ JsE OUT ]
B191 LDA “CAl
A1z ST WO SET UVERALL COUNTER 1
P1932 LDA HCa 3
B194 5TA HC SET CSLL COUNT ‘
p13g JMFP STD ;
196 *x ;
P197 HOF

9198 %
B139  #kkCONSTANTS
n2aE ok

p2a1 I OCT 918ea0 !
@282 ERS  OCT 818208

PR3 RPY  OCT @18a1t
B264 RPH  OCT @18618
B2Aa5 EOLX OCT 91aae2
P2a6  VCIL OCT BAA3Rd

92@y  MIIZ OCT GOBRA2 ;
P2@8 HCI1 DCT BOR37E . 4

A283 HCIZ  OCT AARaER

B218 REOQ OCT e8odaa
A211 MASK  OCT B7yAsEyY?

8212 ;
P213 HKMEE START SUEB-FOUTIHE A

D214 ;

Figure 1 (Continued)
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8215 KZ MOP
8216 LDA ¥C

A DAL, A e ot R i s

Cd 8217 ADA KST
B 9218 55A
5 8219 JMP Kz
f f22a LDA VC
i 2221 ADA EK
; 8222 550 :
' p223 JHP K28 ;
: D224 L DA KES :
; 8225 ADA VC !
o} 8226 53 :
: I 0227 JMP KZ. 1 :
o 8228 LDA KSF :
i@ 8229 ADA WC i
S B238 53R 3
S 0231 IMP k42 :
ot 9232 JMP KZA ;
AR 0233 I.DA TEMP.1 :
S B234 ADA HIM
S 0235 STA HIM :
o 08236 LDA TEMP. I :
o 8237 ADA H2M {
g §238 STA H2M :
a 0239 LDA TEMP. I ;
] #2490 ADA H3M :
o 0241 STA H3M :
S 8242 LDE TEMP 3
‘ P243 ADB DM1 :
1 B244 S5TE TEMP
: 0245 JMP KZ. 1
9246 JIMP KZB 1
0247 LDA HIT :
B248 STA HIM ;
P249 LDA H2T 5
, p25@ S5TA H2M :
c 9251 LDA H3T i :
2 8252 5TA H3M ; }
¢ 0253 IMP KZ. 1
; 8254 KZA  CLA ‘
: 8255 3TA HIM j
0256 STA HZM : )
S 9257 TR H3M : A
L 0258 JHMP KZ. 1 3
1 @259 KZE  LDA TEMP,I

B260 ADA HIM i ;
261 STA HIM : !
262 LDA 1EMP. I | !

A7 UNCLASSIFIED

; B2E3 ADA H2M ; i
. p264 STR H2M ‘ ;
f g D265 LDA TEMP.I : :
o D266 ADA H3M ¥ {
F B267 STA H3M ; 1

5 0268 152 TEMP ¢ ;

bl 3

Figure 1 (Continued i 3
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8263 JMP ok+1
, B270 JMP KZ2.1
. 271k
0272 turdokCONSTHNTS
0273 %k

@274 TEMP NOP

8275 AK  DEF Kl
| @276 K1  DEC -31
B277 K2  DEC -83
278 K3 DEC -74
8279 k4  DEC -66
B28@ KS  DEC -59
@281 K&  DEC -47
@282 K¢  DEC -36
8263 KB  DEC -38@
B284 K9  DEC -24
285 K18  DEC -18
p286 K11 DEC -13
8287 K1z  DEC -9
B288 K13  DEC -6
‘ 8289 K14 DEC -3
; 290 K15 DEC -2
8291 Kl& DEC -1
8292 K17 DEC @
B293 K18 DEC ©
8294 K13 DEC @

Maiadil o R A

9295 *
8296 SPC S
B237 %

~ 9298 *ALTERMATOR LINE SUB ROUTINE

3 P233
9388 ALT  NOR
n301 LDA WC FETCH L INE COUNT
8382 ADA AST _
9303 530 BEFORE ~ AFTER LINE START ]
0304 IMP ALTA g
8305 LDA VC .
B3B6 ADA AF §
8387 S5A 3
03e8 IMP Q
8309 IMP ALTA ;
8318 @ NOP b
8311 LDA TEMP1.1  FETCH MODIFIER 3
B312 LDE CT2 FETCH QUADRANT COUNTER t
8313 CFB DD ? IN QUADRANT @
0314 JMP 0B YES-GO TO QA SECTOR ;
8315 CPB Il ? IN QUADRANT 1 i
8316 IMP Qi YES-GO TO. @1 SECTOR ;
8317 CPB D2 ? IN GUADRANT 2 ‘ ;
8318 JMP 02 YES-GD TO Q2 SECTOR
9319 CPB D3 2 IN QUADRANT 3 ;
8320 JMP 03 YES- G0 TO Q3 SECTOR - :
9321 HLT 78R NO1 FAULT CONDITION! ;
p322 0@ LDE CT1 FETCH KNEE MODR POINTER j

Figure 1 (Continued)
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0323 CPB D18
9324 JSB OC
8323 CMA. INA
8326 ADA H4M
0327 STA H4M
8328 UP 182 CT1
9329 JMP k41
0338 IS2 TEMPI
9331 JMP ALT. I
8332 QC NOP
9333 152 CT2
9334 JMP BC.1
8335 JMP QC. I
0336 01 LDB CTI
8337 CPB DB
8338 JSB @QC
9339 CMA. INA
8349 ADA H4M
0341 STA H4M
08342 DOWN LDB CTH
8343 ALB DM!
2344 STB CT1
0345 LDA TEMP1
n346 ADA DM!
9347 STA TEMP1
0348 JMP ALT. I
8349 Q2 LDB CT1
9358 CPB D183
8351 JSB QC
8352 ADA H4M
9353 STA H4aM
8354 JMP UP
8355 03 LDB CT!
8356 CPB DO
0357 JMP s+4
a3se ADA H4M
8359 STA H4M
B36A JMP DOWN
8361 CLA
8362 STA CT2
8363 JMP *-5
#8364 ALTA CLA
2365 STA H4M
8366 JMP ALT. 1
8367 x
0368 kokokCONSTANTS
9369 x
A370 TEMP1 NOP
8371 NOP
0372 NOP
8373 NOP
08374 CTH! NOP
B3rs CT2 NOP
8376 ASD DEF L©

REACHED END OF QUADRANT 7
YES-GO UFDATE QUAD COUNTER
NO-MAKE MODR =-VE

INC MODR POINTER

INC BUFFER PTR
EXIT

INCREMENT QUAD CTR

RETURN

FETCH MODR FOUNTER

REACHED END QOF QUADRANT 7
YES-GOINC QUAD COUNTER
NO-MAKE MODR -VE

DECREMENT COUNTER

FETSH MODR BUFFER PTR
DECREMENT

FETCHNMODR COUNTER
RERCHED END OF QUADRANT
YES GO INC QUAD COUNTER

GO INC MODR CTR & PTR
FETCH MODR CTR
REACHED END OF QUADRANT ?

GO DPECREMENT MODR CTR & PTR
GET ZERO & LOAD INTO-
QUAD CTR TO RESET

Figure 1 (Continued)
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; @377 L®  DEC O
; P378 L1 DEC 1
: P379 L2  DEC 2
; @328 L3  DEC 3
. A381 L4 DEC 3
! Big2 LS  DEC 4
: 8382 L& DEC S
] 9384 L7  DEC &
§ 9385 L3 DEC &
! P336 LS DEC 7
: 9337 LR  DEC 7
z P388 Lil! DEC 8
@385 L1Z  DEC 8
: P398 L1T DEC 9
§ @291 L!4 DEC 9

8392 LIS DEC 1@
0333 Ll DEC 18
83%4 LI¥ DEC 1@
@335 L18 DEC 1@
B39¢ L13  DEC 18

397 %
0398 SPC 5
B398  x
0488  *FAMILY 2:FADE IN-DUT
B4Rl %
482 FS MOP
403 LDA VO
g4a4 ADA FST
Bas SSH +/-:BEFORE-AFTER FADE START?
a4a6 JHP FSA -VE :BEFORE
D487 LDA VC
P4pa ADW FSE 4
p4an9 S5A +--1 INBEYOND ZONE QF FADE START 3
419 IMP FSB -VE:IN Z0ME
9411 LDA WC +VE :BEYOND (NORMAL) j
412 Apa FD R
n413 SSR +~—:BEFORE-AFTER FADE OUT ZONE?
D414 JMP FS. 1 -VE:REFDRE (NORMAL)
8415 LDA W +VEAFTER FADE OUT ZONME 3
8416 ADA FE ' h
8417 358 +/~1 INBEYOND FADE QUT ZONE? 1
A418 IMP FSC -YE: IN ZONE !
8419 SPCO 1
B4z FSA CLA +YEBEYOHD MO L INE :
S EwD! 5TR H3M 3
p422 STA HEM 3
D423 STA H¥M ]
Pa24 MR FS. 1 ;
P25 SPC 1
A426 +5SB JSE FMOD :
407 157 FM INCREMENT FOINTER _
428 IMPFS, 1 EXIT ;
B429 JHP FS. 1 EXIT :
8438 FSC 0 JSE FMOD GU-MOLIFY HMPL ITUDE 3

Figure 1 (Continued)
: Al0 UNCLASSIFIED




Wrmv " T————— - : . _

B i
| 1
i
UNCLASSIFIED
|
P431 LDB FM ﬂ
0432 ADA DM1 DECREMENT MODIF IER :
! 8433 STB FM ?
: 8434 JMP FS. 1 {
; 0435 SPC 1 é
8436 FMOD HOP
L 0437 LDA FM FETCH FADE MODIF IER 4
S 8438 ADA AMPS MOD. AMPLITUDE OF LINE :
: 8439 SSA.RSS IS IT -VE? :
0440 IMP x+2 NO: +VE: HNLD *
S 8441 CLA YES:-VE: SET AMPLITUDE
S 8442 STA AMPSM ,
Py 9443 LDA FM ;
. D444 ADA AMPE :
P 0445 SSA.RSS }
i ; 8446 JMP k42 :
p 8447 CLA ;
S 8448 STA AMPEM :
£ 8449 LDA FM
S 8458 ADA AMP?
o 8451 55A.RS3
L 8452 IMP k42
S 8453 CcLA :
8454 STA AMP7M :
B45S JMP FMOD. I
} B456 SPC 5
i 8457 % :
3 8458 wSINGLE LINE i ¥
3 B459 % H k
8468 SL NOP i ;
P461 LDA VC ¢
8462 ADA S5 )
, P463 SSA BEFORE/AFTER START IF L INE? i
: p464 IMP x+5 -VE:BEFORE (ND LINLD) ¢
F 8465 LDA VC +VE 1 AFTER t
‘ 0466 ADA SF . i
8467 SSA IN/BEYOND LINE ZONE? ;
0468 JMP k+4 :
: B469 CLB +VE:BEYOND:NO LINE ; E
; 8470 STB AMPSM SET AMPL. TO ZERO §
: 8471 JMP SL, 1 EXIT ]
8472 LDB AMP8 1
P473 STB AMPSM SET AMPL. TO NORMAL ;
0474 IJMP SL. I i
P475 SPC S :
0476 *x
: @477 *THRESHOLD SUB-ROUTINE |
Do P478 X ;
: 8473  SET THRESHOLD LEVEL BITS 8-3, IN SWITCH REGISTER f
| 8488 *xTO CHANGE DURING *GRAM GENERATION. '
£ D481 H*MAKE SW. REG. BIT 15 = *y* ;
¢ p432 x i
: 9483 T NOP ;
§ B484 CMB. INB MAKE -VE :
Figure 1 (Continued) .
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p485 ADB ©0PO ADD TO POINT LEVEL

i 8486 558 -VE 7 (ABOVE~BELOW THRESH. LEVEL 70

; 0497 IMP k43 BELOUY ‘

} P488 LDA MAX ABOVE - FETCH MAX INTENSITY

; P489 JMP T. 1 EXIT

; 0490 LDA MIN FETCH MIN INTENSITY

: P49 1 JMP T, 1

3 P492 *

; @493 MIN OCT 089029

! 9494 SPC 5

: A495

1 P496 *FREQUENCY & TIME MARKS
@457  x

i @498 0OVT  NOP

3 §499 CLA

: 0500 0TA 16B.C

: ?5a1 STC 168

y a5082 LDA IN
503 JsB OUT
8504 LDA RPV
a505 JSB oUT
8506 LDR VCI1
8507 ADA DM35
9508 JSB OUT
8509 LDA VCI2
2510 JsB OUT :
8511 LDA RPH :
0512 Jsg ouT g
8513 LDA HCIt ;
pS14 ADA DME6 3
8515 JSB OUT :
@516 LDA HCI2
8517 JSB OUT
8518 LDA DM3S
8519 STA VC1 ;
@528 FC LDA HC@ 1
8521 ADA DME6
B522 STA HC ;
p523 LDA HCO :

‘ 8524 STA HCC |

@525 FCF  LDB HC {
9526 CPB HCC !
527 JIMP *x+4 'i
8528 LDA MIN :
8529 JsB oUT §
8530 JMP %+6
@531 LDA MAX i
p532 JsB oUT ¢
8533 LDA HCC :
8534 ADA D100 !
9535 STA HCC
P536 1SZ HC
p537 JIMP FCF
9538 LDA EOLX

Figure 1 (Continued)
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%
! 9539 JSB QuT
! 9540 182 \VC1
¢ 0541 JMP FC
: 8542 LDA DME6
: 9543 STA HC
! 9544 LDA vCat
¢ 0545 STR VCC
{ 9546 LDA VCO1
; 0547 STA VC1
: 0548 TCF  LDA VCI
: 0549 CPA VCC
P 0558 JMP %+18
; 2551 LDA MIN
; 9552 JSB QuT
: 0553 LDA EOLX
' 0554 JSB oUT
e p555 LDR DM&6
9556 STA HC
0557 152 vCi
0558 JMP TCF
8559 JMP QVT. 1
856@ TC LDA MAX
. 9561 JSB ouT
‘ B562 1S2 HC
: 9563 JMP TC
8564 LDA EOLX
9565 JSB OUT
9566 LDA DM&6
p567 STA HC
] a 9568 LDA VCE
; : 0569 ADA D128
; : 8570 STA VCC
i o571 152 vCi
( ; @572 JMP TCF
: : 0573 JMP OVT. 1 :
B574 % : k
8575 *CONSTANTS ‘
; B576 , :
: : 8577 DM3S DEC -35
] B578 DMEE DEC -66 f i
‘ . 8579 D12@ DEC 128 ‘ ]
@588 HCC  NOP : i
0581 x ;
ase2 SPC 5
0583 !
8584 *BANDWIDTH SUB-ROUTINE |
@s8s ORG 120808 : ;
‘ BSa6 NOP i i
: @587 PNW  NOP ¥ !
: p588 CLB % :
; 2589 LDA GEN3 ' j
; 8598 SLA i :
: 8591 INB i i
g 0592 ARS. ARS i :
p Figure 1 (Continued) -1
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8593 SLR .
8594 INB
2595 ARS
2596 SLA
as597? INB
8598 ARS.ARS
@599 SLA
(4[] INB
genl SLB
aed2 JMP k43
0603 CLE
9€a4 JMP x+42
2685 CCE
2606 LDR GEN3
(2141 ERA
3 aces STA GEN3
g a689 LDB MSKB
; 8610 CPB D3
4 8611 JMP k+4d
: pe12 CPB D7
: B613 JMP x+4
: 8614 ADA DM1
! 8615 JMP x+2
E B616 ADA DM3
4 Bel1? AND MSKB
Be18 STA W E
0619 LDA GEN3 i
a620 AND MAX ]
: 8621 STA W2
; 8622 LDA GEN3 3
0623 RRR 4 3
8624 AND MSKC 2
0625 LDB MSKC
P626 cPB D3
8627 JMP k+d
9628 CPB D7 R
0629 JMP %+4 ]
0630 JMP %+4 :
5[ ADA DMI
0632 JMP %42
8633 ADA DM3
9634 STA W3
8635 JMP PNW. 1 |
B636 %k 4
B637  »kCONSTANTS ;
0638 % i
9639 SPC 5 5
8648 % )
8641 *
B642 X10JANT4.-JR~19
643 x

8644 *FNz2BM = PN2D GENERATOR MODIFIED TQ AN
8645 *AFFROXIMATE NORMAL DISTRIBUTION N
8648 % 1

Figure 1 (Continued)
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1 i
B @647 PNST NOP i
9648 CCA 1
B 9649 STA GENI SET i
S 8650 STA GEN2 PN 3
) 0651 STA GEN3 REGISTERS )
S P652 CLA i
ok 0653 STA CTIS CLEAR {
' ' 08654 STA CTi4 PN {
S 8655 STA CT13 COUNTERS
g P656 STA CT12
¢ P6S? STA CT11!
; g 0658 STA CN1B :
o 9659 STA CT9 !
: 0660 STA CT8 :
R BE6! JMP PNST, I
b PEE2 PNN  NOP
SN 9663 CLB
; BEE4 LDA GEN2
! P6ES RRR 3
i D656 XOR GEN2
i 8667 SLA
! BEE8 JMP %43
' BEEI CLE
BETA JMP k+2
P67 1 CCE
8672 LDA GEN2
‘ D673 LDB GENI1
: B674 ELB.ELR i i
§ e67S ELB.ELB i -
DETE ERA ;
B&7v? STA GEN2 : }
BE78 ERB.ERE : j
BE79 ERB.ERR &
9680 ERB !
‘ e6a1 STB GENI 5
: 8682 LDA GENZ ,
: B6e3 AND MAX MASK OUT ALL BUT REQGD. BITS
8584 CRA ALS
BEAS TP k416 YES - GO SEE IF MODIFICATION REQD. '
: 0656 CPA Ald :
: p6a? JMP w+24 YES ;
g 9683 CPA A13 ¢
: pEag JMP k+32 . 3
: 9690 CPA AL2 : d
. 9631 JMP sk+4B : ]
9692 CPA ALl :
PES3 JMP k+48
£ 8694 CPA A1 i ;
¢ 8635 JMP k456 i
! P66 CPA A9 § ;
2697 JMP w464
£ 8698 CPA A3 i !
t 9699 JMP w472 YES - B0 SEE IF MODN, REGD. ! ;
{ avee JMP PNN. I NO - EXIT ; ;
Figure 1 (Continued) ; ;
i
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e7el
B782
ares
704
9705
8706
7oy
78
a7es
a7 10
711
o712
8713
714
715
716
717
718
9719
9720
P21
Br22
8723
8724
0725
8726
o727
8728
a7z

8730
8731
er32
8733
8734
8735
736
8737
738
27329
740
741
ard2
743
744
8745
B746
ava?
748
8749
8758
8751
a7rs2
8753
754

LDB
CPB
JHMP
INB
STB
LDA
JMP
CcLB
ST
JMP
LB
CPB
JMP
INB
STB
LDA
JMP
CLB
STB
IMP
LDbB
CcPB
JMP
INB
STR
LDR
JiP
CLB
STB
JHP
Lpe
CPB
JMP
INB
578
LDA
IMP
CLB
STR
JMP
LDB
CPB
IMP
INB
STB
LDA
JMP
CLB
STB
JMP
LbBe
CPE
JHP
INB

CTI1S
Dan
w49

CT1S
nB
PNN. 1

LTS
PNN. 1
CTi4
Ddg
*4+5

CTl4
Al
PNN. T

CTid
PNN. T
CTL3
Rig
*+S

CT13
A2
PNN. 1

CT13
PNN. 1
CT12
AB
*+5

cTl2
A3
PNN.1

CT12
PHM. T
CT1!
R4
*+5

CT11
Ad
PNN. T

CT1!
PNN. I
CNi@
A2
X+5

FETCH "15" COUNTER

IS THE ONE TO BE 0/P7
YES -~ GO DO IT

UPDATE "15" COUNTER

EXIT

Figure 1 (Continued)
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. 8755 STB CNID
' 756 LDA AS
: o7s? JMP PHN. I
: P7S8 CLB
i et STB CNtB
i 9re0 JMP PNN. I
" 0761 LDB CT9
: arE2 CPB A3
o BYE3 JMP
A7Ed INB
TES STR CT9
0756 JIMP PNN. I
7E? CLB
avEe STB CT9
O7E9 L DA RE
arve IMP PNN. T
771 LDB CT8
arv2 CPB RS
0773 JIMP k+dd
arvd INB
B7vs STE CTS
7ve JMP PNN. I
vy CLB ‘
a7 v8 STB CT8 ]
avv9 LDA A7 ]
7R JMP PNN. 1 ;
are1  x
782 wkkkCONSTANTS ETC. s
2783  * :
p784 0D DEC @ :
p7eS Al DEC 1 3
arae a2 DEC 2 3
avar A3 DEC 3
a7e8 A4 DEC 4 s
9739 AS DEC & :
a798 A DEC & 3
; @79t Ar DEC 7 3
; 9792 A8 DEC § ;
; 8793 A9 DEC 9
: 8794 A1@  DEC 18 ‘
; @795 A1l DEC 11
; Aves Al2  DEC 12
: @737 Q13 DEC 13
1 @798 Al4  DEC 14 |
87399 WIS DEC 15 ;
@8@@ Als  DEC 18 |

8821 GEN1 NOP
9882 GENZ NOP
§8A3 CTIS NOP
Bag4 CT1d NOP
BEAS CT!3 NOP ‘
8a@6 CT12 NOP : ;
pEA7 CT11 NOP : J
9888 CN1@  NOP

e sew

Figure 1 (Continued)
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ege9 CT>  HOF
@818 CT2  NOP
0811 D4@  DEC 48
P8t2 D8@  DEC &@

BE13 %
2814 SKP
Ba15 %
9816 *LINE INTEGRATION ROUTINE
pe17  *
1 p818 ORG Z199E
; §819 ED2  MOP
1 0820 LDA HCO
4 8821 STA F/HC
: B822 LDA EF
3 paz3 STA EF
: p824 CLB
; 982 DIV D3
g 9826 STA EF1/3
g P87 CLB
% 9828 MPY D2 FIND 2ND SUB-HARMONIC :
1 8829 STh EF2-3 ;
. 8338 LD& EF 1
3 0831 CLB 3
{ PR32 DIV D2 FIMD ST SUB HARMONIC 3
: 9833 5TA EF -2 ?
; pa34 CLB ]
4 ¥R3ZS MPY D3 FIND HARMOHIC )
3 Glk STA EF3/2 |
: Baz? LDA EF ]
B838 CLB E
9839 MPY D2 ;
8840 STA EF2
BE41 LDA EF
9842 CLB
D843 MPY D3
@844 STA EF3
8345 SPC 1 ’
8846 LDB S1D !
8847 STR SIT i
P848 LDB 52D 3
8849 STE =27 :
Pa%n LDE S3P
PeS1 STR 53T
Bges2 LDB S4D
paS3 STB 54T
P854 LDB S5D
Aess STE S5T
A8SE LDR SGD : 3
PESY STR 56T ;
BES LDB 57D -
GELE 5TB G7T ;
BREM SPC 1 !
BaE 1 LDA FL !
8862 THA -

Figure 1 (Continued)
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P63 CMA. INA
P8E4 STA CNT SET COUNTER
; ; @865 CLR  CLA
: : PBEG STA SI1T.1
! ' pBE? STA S2T.1
] PBES STA S3T.1
e P8E9 STA S4T.1
9370 STA S5T.1
8871 STA S6T.1
: p872 STA 57T.1
3 9573 12 S1T
; . BET4 12 s2T
g pa7S 152 53T
/ 8876 152 54T
: P77 152 SST
; 8878 1Sz S6T
’ P8vs 152 77T
0G0 ISZ CNT INCREMENT CTR.
B8a1 JMP CLR RETURN & CLEAR REMAINDER
pgg2 JSB PNSTD, I
pBS3 SFC 1
@884 STRT3 LDA VCL
p88s ADA VCO CONVERT TO LINE COUNT
P86 STA VCL2 =END OF INTEGRATION BLOCK
BBea7 LDA TL FETCH BLOCK LENGTH
p8aEs CHMA. INA I
BeE9 ADA VOL2
B398 STA VCL1 =START OF INTEGRATION BLOCK ‘
P831 CLB :
BE92 LDA FL FETCH BLOCK WIDTH ' 3
AS93 DIY D2 }
0894 TMA. IMA 3
BESS STA FL/2 HALF BLOCK WIDTH{(-VE) ;
8396 LDA E~HC ;
pe9? ADA FL/2
BE898 STA FCON
9839 LDA EF1-3 FETCH 13RD HARM.
e9aR ADA FCON CONVERT T0O CELL NUMBER
6961 STA HL1
9392 LDA EFL-2 FETCH 12 HARM.
@983 ADA FCOM _
non4 STA HL2 :
9385 LDA EF2-3 ' ;
poae ADA FCON
Baa7 STA HL3 |
Boas LDA EF )
8983 ADA FCON ' A
B91a STA HL4
A311 LDA EF3/2 i 5
93912 ADA FCON T
2913 STA HLS i i
B314 LDA EF2 i :
BI15 ADA FCON L
aata STR HLA ' i
Figure 1 (Continued
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P917
9918
8919
P28
9321
p322
8923
93924
P925
@326 CV
8927
p9za
9929
9930
8931
@932
0933
3934
A935
9926
P937
0338
8323
P94
8941
0942
0343
9344
n945
3946
0s47
0348
9949
p9s@
@951
¢ 9852
: @953
£ @954 CS1A
! ©955
D956
B9S?
9958
@959
p9e@ CS!
8961
@ac2
9963
a9c4
8965
A9es
8957
a9:8
4 9969 ‘
p9ve  CS2A

T @ e

AL T TN e 1 SR e A e T e

LDA EF3
ADA FCON
STH HLY
LDB HC@B
STB HC
LDB VL8
578 VC
NDP

MOP

LDA VC
CMA. INA
ADpA VCL1
SSAL.RSS
JMP NOL
LDA VC
CMA, THR
ADA VCL2
SSA

JMP RWD. 1
SPC 1

LDA EF1/3
ADA DM12B
558

IMP k42
IMP CS1A
DA EFL-2
ADA DMiZB
SER

JHMP x+2
JMP CS2A
LDA EF2-3
ADA DMiZA
38R

JMP CS4R
JrMP CS3A
MDOP

SPC 1

LoB S1D
5T8 SI1T
LB FL
INB

CMB. INB
STB CNT
LDE HC
CH1B. INE
ADE HL1
S5B.R55
JIMP %42
JMP *+3
JSB NO4
IMP CS1
JSB NO2
SPC 1

LDB S2D

e IR T P T YRS e nry

SET LINE COUNTER

YCL1-VC

VOL1IOVE 7
+VE:YES:BEFORE STARRT OF BLOCK
-VE:ND:AFTER STRT OF BLOCK

VCL2~-VD
VoL2OVE 7

1S EF1/3 < 12H 7
YES - TRY NEXT
NO ~ GO TO SERARCH SUB

1S EF1/2 < 1ZHZ 7

ko

YES-GO TO ED.FREG,SEARCH
NO - @GO TO SEARCH SUB

FETCH CELL COLNT
MEKE -VE
ADD TO FIRST LINE POSITION
REACHED THIS POSITION YET 7
MO:BEFORE STRRT
YES: INTO BLOCK
GO TO NOISE ONLY ROUTINE
RETURM FOR FURTHER TEST
GO TO INTEGRATING ROUTINE

e AR

Figure 1 (Continued) s
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3 : navi 518 SIT SET BUFFER PDINTER
: f9v2 LDB FL FETCH BLK WIDTH
Ba73 INB
navd CMB. INB « MAKE -VE
Bavs STB CHT SET COUNTER B
: B9re 52 LDB HC f k
: Bav? CMB. INE : i
: . BevYs ADE HL2Z J
1 a379 S5B8.RSS
4 p3326 JHP *+2
3961 JMP k43
B982 JSB NO4
8983 JMP CS2
A9c4 JSB NO2Z2
9385 SPC 1
¢986 CS5Za LDB S3D 3
Baa7 STB SiT 1
BIEE LDB FL : ;
09¢9 INE |
p92p CHMB. INB R
P99l STEB CNT : 3
9992 [53 LDE HC
p993 CHMB. INE
B394 ADE HL3A
8995 S5B.R55 |
A9%6 JIMP 42 3
@397 JMP k43 y
fA99g JSB NO4
n999 JHMP CS3
1678 J5B HOZ2
Figure 1 (Continued)
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Appendix B
Display System Selection (U)

Reference: (a) "State-of-the-Art Summary - Candidate Display Systems
for the Integrated Undersea Surveillance System" (U)
(NRL Background Document Prepared for PME-124,

June 1976) (S).

(b) Display Subsystem Recommendations for the Operator/
Machine Interaction Program (U) - NRL Report dtd
1 Dec 1976 (S).

I. Background

Although display system selection was determined ultimately by
funding constraints, a considerable effort in comparative evaluation
and selection of displays was expended and reported on in references
(a) and (b). Reference (a) is a comprehensive study of several
different display requirements, including large screen tactical
displays. Reference (b) focuses on specific requirements for the
operator-interactive signature formation effort.

This appendix gsummarizes the findings and recommendations utnder
reference (b) only. For a detailed understanding of the selection
process, refer to references (a) and (b).

II. Overview of Requirements

The general requirements for any candidate display system were:

. Flexibility
.Must be capable of displaying:

a, lofargrams with varying bandwidths and resolutions
b, automatic line integrations

¢, A scan

d. stacked A scan

e. ambiguity functions

« Long Term Viewing Suitability

Factors contributing to operator misinterpretation or
fatigue such as flicker, noise, low brightness or contrast,
focusing inaccuracies must be minimal,
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III,

e 5 o ® o o o

Adequate Resolution/Data Density

Within the limits of human visual acuity, the number of
displayable points was to match the frequency resolution of the
FFT., A range of between 1000 and 3000 points on both x and y
axes was considered., A minimum of 8 levels of intensity
were required for any point written,

Interactive Capability

Any one of a number of interactive devices (e.g., light/
sonic pens, potentiometer devices, function keys, etc.) were
basically acceptable. The major requirement was that the inter-
active system be simple in operation and not require extensive
manual entry by the operator.

Self Contained

A complete graphics display system was required, one which
could be interfaced directly to the NRL computer. Development
of a display subsystem, per se, was never contemplated. Image
refresh, interactive peripheral interface, character and vector
generation were to be features of the display controller.

Mature Technology

The display system had to be commercially available with
no system hardware or software development required,

Specific Display Characteristics

Raster Scan CRT

Minimum 512 x 512 resolvable elements
Monochrome with gray scale

Local refresh with computer interface

Local intelligence

Keyboard, function keys, joystick or trackball
Minimum 9" horizontal viewing axis

Raster Scan CRT

Raster scan was determined to be more suitable for the type
of high-data density display (principally lofargrams) required.
The constant storage requirement of a raster scan system was
expected to simplify display programming significantly.
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» Minimum 512 x 512 Resolvable Elements

Although our preference was to match display resolution to
. analyzer resolution (i.e,, about 1500 points in the horizontal
i direction for lofar displays), the cost constraints on the °
) program forced us to accept a loss in minimum detectable signal
of .5 to 1 dB for each halving of resolution.

§ . Monochrome With Gray Scale
f

Color as a means of encoding signal amplitude was rejected
because of the limited range available before psycho-p ysical
problems in recognition are encountered., Amplitude variations
with time could be most confusing to an operator. (A detailed
study of the relative merits of color vs gray scale was beyond
the scope of this study. (References (a) and (b) give con-

{ ’ siderably more detail and cite other studies). The range

of quantizations considered was from six bits (64 levels) to
three bits (8 levels). Since work done by several large
corporations revealed that there is no significant loss in weak
signal detection when quantization is reduced to three bits (8

3 levels) for a time-frequency display, this bit format was

E accepted. It may be possible to reduce bit requirements further.

N

R

. Local Refresh With Computer Interface

The size of the host computer, (HP-2100A, 32K words)
necessitates a large refresh memory associated with the display
itself. Computer interface must be of the full-duplex 16-bit
parallel register design so as to be compatible with H/P or
DEC manufactured computers,

. Local Intelligence Requirements

. Digplay related operations can be accomplished at a level
above machine language

. End point vector and conic generator for simple graphics
specification

. A hardware character generator with a minimum of 64 ASCII
characters

. Scaling ability

. Hardware scrolling

. Status and control information for peripherals

. Selective erase

. Ability to recognize interactive inputs

. Independent image overlay

B3 UNCLASSIFIED
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» Keyboard, Function Keys, Joystick

The requirement is that the interaction of the oparator
with the display must be both simple and minimal, The keyboard
must also function in a local mode, not requiring intervention
of the host computer,

o Minimum 9" Horizontal Viewing Axis

This allows lofargrams to be displayed without frequency
axis compression.

I1I. Comparison of Candidate Displays

A comparison of four candidate displays is given in Table 3-1,
Detailed comparison is made in reference (b).

IV. Implementation Candidate

The system best meeting the technical and cost requirements was
the RAMTEK 9300 Graphic Display System, A detailed description of j
the RAMTEK 9300 is given in reference (b). ﬂ

L Tt R
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Table 3
SYSTEM 512 x 512 Local T1.OCAL INTELLIGENCE
Resolvable ngzgy ASr:i‘]).Zble Refresh w/ Vector | Char | Inst:s. | Hardware | Har
Elements PDP-11 I/F Conics | Gen.| Set Scaling | Scro
1
Comtal 30SA X X X X( )
Comtal 65SA X X x(H
Aydin 5214A X X X X X X X (2)
Ramtek 9300 X X X X X X X X
]
3
;
¥
;




Table 3-1. Comparison of Candidate Display Systems

CATEGORIES

LLIGENCE i ‘ Min, 9"
dware | Hardware [SelectivelAccess re- | Separate over- | Logical/Arith. | Gray level | Keyboard |, = =
gng Scrolling | Erase fresh memory | 1ay channcls functions windowing 8
X X X X X

. X X X X X

: )] X X |
X X X X X X X X X
]

) CONFIDE
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(2) By software

(3) Limited to or-
ing or erase
ones,

(4) Estimated cost
for system con-

4 ' figured with

‘ available options

and computer

interface needed.

¢t Systems

L ' " Est,

/e over- Logical/Arith, | Gray level Keyboard gig;i: zgztz' Cost Notes
jpnels functions windowing 8 ks (4)

é X X 26 (1) Would need sepa-
i rate interface

: 3) X X >l for keyboard

; x( X X X 45 since not avail-
: able by

: X X X X 37 manufacturer,

i

o

Computer costs
are not included
(see text).
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UNITED STATES GOVERNMENT

Memorandum

7100-032
DATE: 26 February 2004

REPLY TO
ATTN OF:  Burton G. Hurdle (Code 7103)

SUBJECT: REVIEW OF REF (A) FOR DECLASSIFICATION

TO: Code 1221.1

REF: (a) “Operator-Interactive Signature Formation for Acoustic Undersea Surveillance
Systems” (U), William P. Morrogh, Acoustics Division, NRL Memo Report
3625, October 1977 (C)

1. Reference (a) describes an exploratory development to systematically organize signals
received on Undersea Surveillance Systems (including several reception locations) to identify
the signatures of ships and other sources. The method has not been completed or tested.

2. The technology and equipment of reference (a) have long been superseded. The current
value of these papers is historical

3. Based on the above, it is recommended that reference (a) be declassified and released with no

restrictions -
BURTON G. HURDLE
NRL Code 7103
CONCUR:
inid F. g, _3[1 /2004
E.R. Franchi Date

Superintendent, Acoustics Division

CONCUR:

Tina Small®ood Date
NRL Code 1221.1




